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Staurolite, (Ve Me) (ALFe) SO, I8 @ comparatively rvare
wetaworphic mineral hitherto recorded [vom hul few localities in
Australia,  Anderson, in his Bibliogvaphy o Australian Mineralony,
gives no locality for it in Vietoria. Northern Territory or Tasmania,
one only in New South Wules, and two each in (ueensland and
South Austraha.

The existence of Lhis mmeral in a belt ol country lyving sonie-
where to the nortli-east off Gmem has been known since 1913, when
a paveel of small (4 to 10 nuw.) erystals collected from gravel in
the valley ol Chitlering Brook (Brockmau River)y were submitied
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to {he writer for determination. The morve perleel of these showed
a combinaiion of the faces w' (110w w ' (010)h.  Therve were
imper feet indications of oceasional twinning on z(232).

Later, in 1917, a single large water-worn ervstal was seen whieh
was said to have come from abont 13 wiles N.K. of Gingin, /e,
between Cultalia and Wannamal, and not far fron the head ol Chit-
fering Brook, Mogcwmber beine aboul 22 miles N.N.F. of Gingin.
This crvstal was a combination of wm'(170)nmm'h' (610) %' (001,
Tt was 5 enn in length with a2 maximom diameter of 45 em,  From
the same loecality ecame a houlder of vock composed of  grannlar
quartz and staurolite. the latter predowinating, and occurriug in
erains of about 1 mm. diameter,

Last vear was scen for the first time the probable matrix Fron
whiel these loose ervstals were derived,  This is a rock Found he-
tween Mogumber and Gillingavra, It is Tairlv uniform in texture,
consisling of a gronnd mass of small seales of muscovite and crains
of quartz, in which arve embedded numerons large erystals ol stauro-
lite and hiotite.  Of the {wo eoarser constituents staniolite is by far
the more comumon, and is rather evenly disirihuted throughout this
particular specimen. It is in prismatic erystals of a dark brown
colour ranging from 1 to 5 millimetres in diameter, and 5 to 30 milhi-
meires in leneth.  The larger sized erystals are inflrequent., Twin-
ning has heen ohgerved on z(252) bot is rare.

Quite recently a fine suite of specimens of this rock was ob-
{ained. These are of the same general type as that just deseribed,



but many ol the staurvolite erystals are much favger, reaching 2 cn.
i diameler and 5 em. in length.  The matrix iz seen under the
microscope Lo be mainly mmscovite m woderately coarse fakes with
minor amounts of quartz, elilorvite and biotite.  Small granules of a
Black iron ore are abundant and oceasional very large hiolite ervs-
tals.  The embedded stanrolite crystals show the (ypical pronounced
pleochroism from pale yellow (N,Y) fo reddish brown (7)), with
high refractive index aud baxial figure.  The smalfer slaurolites
(2 wm.) iu the seetion ent are mostly quile [lree from inclusions,
but soue carry a large number of the black ivon ore granules. The
{olal lack of quarlz inelusions is wnsnal, as Van Hise draws atlen-
tfion to “the absence of inelnsions of the iron-heaving constituents
of the schists in earnet and stauvolile, and the presence of abundant
(uarizose particles.””

Macroscopieally the staurolite is  =een lo be dark brown i
colonr, well ervstallised, and of all sizes, Tvom 1 1o 20 mm. iu dian-
ofer, some crystals being short and slout, others long and thin. The
faces m' (110w’ (010)H* are sceu on all, aud ' (101)1° on
mauy.  Twing on z(232) are fairly conumon even with the largest
ecrystals.  The measured angles b'm',m'm’,m't’, and ' oaeree elosely
with those ealeulated. A eleavage parallel to h s distinet.

The staurolite is very unevenly distributed throngh the rock
and is without delinite orientation.

Regarding the origin of the Mooumber stauvolite: This mineval

is u=nally developed by thermal metamorphism of a nou-caleareous
sediment at a high pressure but compavatively low (emperature,
as idicated by the combined water present. Chloritoid, a miuveral
very similar e composition and  origin to staurolife, is found in
nature mnder practically identical conditions.  The causes which
load to the Lovmation of the one mineral vather than the other have
not. vet been explained, and can only be elucidaled by a elose sindy
of the oceurvences of hoth minerals.  Other elosely related meta-
morplic minerals are garnet and chlovite.  Van Ulise savs of the
origin of staurolite (Metamorphism. p. 327) i —

“Qiaurolite is sunilar in its ocenrrence to garnet, bnt apparenily
requires more intense metavoryhie action for it to begin to lorm.
s most widespread oceurrence is in the sehists aud gneisses of sedi-
nientary ovigin, 1t also develops in profoundly metamorphosed
roclks of eruptive origin, but it s not known as an original constit-
went in anv eruplive vock.  Like garnet, it may he abundanily de-
veloped iu the zone of anantorphism in rocks which are cut by -
irusives.  The eondilions favourable to its formation ave therelore
cimilar to those which prodnce goruet (see pp. 300-302) aud sueh
minerals as tomrwmaline, andalnsite, sillimanile, and evanite,  with

s Treatise on Metamorphizsm, p. 70L



wlieh it is associated. 1t is evidently a mineral whieh derives its
materials from varvious olher minerals, the elements hemg re-con-
bined info the more eompaet form ol stanvolite wnder deep-seated
conditions.”

The densities and compositions ol the four genetically related
pinerals Prochiorite, Chlovitoid, Stanrolile, and Almandine, me:—

: : ... Molecular*
Muicral, Composition. \\’;(L}tcr. Density. {Oﬁﬁﬂigl
9]
Mrochlorite X 2HLO-3 (e, Mg) 02810, 10-12 2-95 14
}':ZHE(_)-Q(FO,Mg)O(Al l* )0y

Si0,

Chiovitoid ... H,0- (Fe, Mg) O- (Al Fe) 0, -7 3-95 (K9
S10),

Staurolite ... H,0-2(Fe,Mg)O- 5(ALFe),0, -2 370 122
4810y, (or 244)

Almandine ... 3(Fe,Mg)O- (AL Fe),0),- noue 4+ 05 117
3510,

From these fizures one s led 1o the conelnsion that temperature
and pressure play a lavge part in determining which species 1s gen-
erated by the metanorphism of a given rock containing the materials
vequived. 1t is evident that at the lowest {emperainres and pressures
prochilorite wounld tend 1o form; at higher temperatures but mod-
erate pressures, staurolite,  One the other hand, at high pressures
and moderate temperatuves, chloritoid would develop, whilst at the
highest temperatures with moderately Tow pressures, almandine gar-
net would form.  Nee Plate NER.

The data for lelite, a very similar mineral fonnd both in 1gnecous
and metamorphic voeks, arve imperfeet,  Hs water perconlage may be
1.5 or nil, and its molecular volume 227, 232 or 465, These figures
point to a Fairly hieh temperatuve and very low pressuve as the
condition condueive to its formation.

Stauvolite tn hand speciimens has now been recorded lrom fthe
following localities in the State: Mozumber and Greenbushes (5.3,
Division), 1\1011(100%1, Mary River and Richenda River (Ikim, Div.).
In addition, microscopie graing have heen ohserved i heavy sands
from several loealities in the South-Western  Division, ineludine
Ifreshwater Day, Cape Lecawin, Pemberton and Chevne’s Bay.

* Based on a constant r 1hn for all tmn winerls of three e’ to oue My, and on

the assnmption that the usnal proportion of Fe” is negligible,

T Van Hise's data for prochlorite, on p. 196 of his Metamorphisi, reguire revision,
i moleeunlar weisht 1,882-32 seems fo he hased on fwo wrong asspmptions, oiz.,
(1) fhat MeO iz the only ||rntn\|t1c- present, whevens as a matter of fach WeO and MgO
are usnally present in about conal moteondar proportions, (2) that the cmpirieal formula,
copted from Trehermak, containg onty two molecules, whereas it containg three of ser-
pentine and seven of amestite, o tofal of fen, These moleenles are not additive bat sab-
stitutive.  The trone wmolsoalar weight i= therefore in the vieinity of 318, varving
with the relafive ratios of Mg to e, and of Sp to Af, ITis (I('lmity 271 s too low,
judging by the fioures given by Tana ;. 285 appears to he a hetter figure for oo nnit ratio
of Fe to Mue,  Finaliv, hiz molecular volume, 500:216 is approximately five times too
hizh, being d(‘|wndt°nb on the inoleenlar \ultrht. el on the inverse of the density.
Tal\m" 318 for MW, and 2-85 for density, bhe DLV, is 112,
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Addendum.— Whilst the above was being written analyses of
the clean staurolite and of the staurolite-bearing rock from Mogum-
ber were in progress. These were subsequently eomplefed with the
following results :—

Staurchte. Staurolite
Schist.
Q'f) (/){)
S0, eee 29412 40-81
A0, ... ... .. 5247 .. 30 - 69
Fe,0, ... v 437
FeO 13-89 5-86
MnO ... -22 10
MeO .. L. L 264 L 552
Cal) 18 15
Na, O ... -88
K,0) 6-58
HeO— .. . . 09
H,04- ... 1-46 3-08
TiO, .. 82 L -90
PO -8
S Nl
100-80 10001
Sp. gr.... 370 2-91

Two kilograms of the rock were sampled down for the rock
aunalysis, and a clean erystal free from inclusions and weighing 8.3
grams was taken for the mineral analyvsis.  Neither Grubenmann,
Zivkel nor Clarke gives any analyvsis of a stanvolite sehist with which
to compare the figures for the Mogumber roek.
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Plate X.—Diagram illustrating the
physical  conditions conducive to
the formation of the Prochlorite
Almandine  Series.



